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ABSTRACT 



The present invention provides for a turf maintenance 
vehicle controller \^ch includes data logger means to store 
the status of pFedctennined parameters. The invention fur- 
ther includes the ability to provide such data in real time to 
an inexpensive diagnostic ^paratus and to store the data for 
concurrent or later analysis by ei&er the diagnostic appara- 
tus or a remote microprocessor. 

23 Claims, 19 Dra^vmg Sheets 
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TURF MAINTENANCE VEHICLE controllers, and the e:q)crtisc in the field (which was directed 

DIAGNOSTICS AND PARAMETER to mechanical solutions), among others. Additionally, diag- 

CONDITION LOGGER nostic devices to detomine electrical problems and mal- 

functions in the turf maintenance vehicle ait have not 
This application is a continuation-in-part of U.S. patent s heretofore been fully developed for many of the same 
application Scr. No. 07/816.816, filed Jan. 3, 1992, and reasons. 

having the title ELECTRONIC CONTROL FOR TURF Since golf courses must be maintained at a high level in 
MAINTENANCE VEHICLE, now abandoned in favor of order to attract goJfras, turf maintenance vehicles must be 
File Wrapper Continuation Ser. No. 08/249,098, filed May reliable and cannot incur more than a minimal amount of 
23, 1994. 10 downtime. Thus, as the sophistication of the electronic 

VW1 n nv TtiP TMvmrrrnxr controUer devices increases, so too must the sophistication 

tm.D VV 1 mi INVENTION jjjg, diagnostic devices which can troubleshoot electrical 

The present invention relates generally to turf problems. However, the diagnostic devices must be conve- 
maintenance, and more particulariy to an electronic control- nicnt for use in the field since turf maintenance vehides are 
ler for a turf maintenance vehicle which includes diagnostic typically repaired on site in order to further reduce down- 
tools and a memay array for storing monitored parameters time. Similarly, the grounds crew is oftentimes the repair 
and calculated outputs in a predetecmioed manner. personnel and so the diagnostic device must be extremely 

usear fiiendly to specifically point out the source of the 
BACKGROUND ART prd)lem. 

Conmiercial riding lawn mowers of the type used on golf ^ the automotive art, various elec^onic controllers have 

courses, athletic fields and the like, are relatively large been utilized for engine operation. The present inventors 

machines which often utilize cutting reels as opposed to believe that such automotive controllers include error codes 

rotary blades, lypically on such mowers two ch" three cutting whidi are generated by the controller in the event that one 

reels are provided across the front of the mower. or more parameters are not within expected ranges. 

Additionally, one or more cutting reels are positioned in ^ However, the generation of an error code tends to presup- 

trailing relationship behind the gaps between the front pose that all oxors have been predetermined. If a large 

cutting reels. The cutting reels make direct contact with the number of possible errors exist, then the overhead required 

grass when cutting, following the contour and undulations of to determine and store all possible errors becomes very 

the terrain as the mower moves over the ground. The Toro large. It also presupposes that all possible errors are known. 

Coit^any, which is the assignee hereof, manufactures and The alternative is to generate a general error code fcff one or 

sells several exan^)les of such mowers. more possible errors. In the latter case, however, merely 

Altiiough the present invention relates to turf maintenance knowing that an error occurred requires that the engine is 

vehicles usable in a large variety of situations (including but r estarte d and connected to a real time diagnostic device to 

not limited to cutting grass in parks, athletic fields, golf 35 determine the cause of the generated code. In other words, 

courses, etc.), the maintenance of golf courses will be general error code itself does not contain enough infor- 

utiiized herein for the purposes of illustration. Continuing niation to d^ermine the specific cause of the problem which 

with the golf course example, it will be immediately appre- originally caused the code to be generated, 

dated that cutting grass on a golf course is a recurring and These problems make the automotive solution inappli- 

time consuming task. Further, the particular tee or fairway is ^ cable to a turf maintenance vehicle setting. First, as alluded 

typically taken out of service while the cutting is occurring. to above, removal of the turf maintenance vehicle to a shop 

Accordingly, it is desirable to drive the mower as fast as for such analysis is impractical and is at odds with the 

possible while maintaining die desired cutting height and original reasons to include the controller (i.e., optimize 

quality of cut. since the ground speed of the mower while quality and speed of cutting, and minimizing downtime), 

cutting is directly related to the tiine necessary to cut the 45 Second, generation of an error code for each possible 

particular tee oc fairway. However, in such settings the monitored parameter/fault combination is virtually impos- 

potential ground speed depends upon the ability of the sible (Le., due to the number of monitored parameters and 

cutting reels to maintain the desired quality of cut. Those calculated outputs of the 5100-D, the number of combina- 

skilled in the art will appreciate that the potential ground tions is theoretically 2*^=262,144). Third, given the param- 

speed is also affected by variations in the terrain, the 5Q eters which are monitored, often it is impossible to deter- 

experience of the operator, and the turf conditions. Still other mine whether the condition of the parameter constitutes an 

considerations include the type of grass, the moisture on the error. Thus, all errors are not necessarily determined in 

grass and/or the moisture content of the grass, and the advance, and the presupposition that all of the errors have 

desired cutting height of the grass. been predetermined makes a complete Ust of enor codes 

In order to optimize the quality of cut while maximizing 55 inwropriate. 

the ground speed, an electronic controller unit is utilized by Accordingly, there arises a need for a turf maintenance 

the Toro Company of Minneapolis, Minn, on its model vehicle controller which preferably indudes a memory array 

designation ReelmasterSlOO-D. The operation of such con- means to store the status of the various monitored 

troUer is disclosed in detail in U.S. patent application Ser. parameters, the ability to provide such data in real time to a 

No.07/816,8i6,filedJan.3,1992,andtit!edELECrRONIC eo diagnostic apparams, and to store the data for later analysis 

CONTROL FOR TURF MAINTENANCE VEHICLE by either the diagnostic apparatus or a remote miaoproces- 

whidi is hereby incorporated herein by reference. sor. 

Those skilled in the art will recognize tiiat such control- „ , ^ ^„ ™„ 

lers on turf maintenance vdiides in the past have not been SUMMARY OF THE INVEOTION 

utilized due to various factors, including the environment in 65 The present invention provides for a turf maintenance 

which the madiines rrmst operate, the durability of elec- vdiide controller whidi indudes data logg^^iemory array 

tronic controllers, the level of ^plications for electronic means to store the status of predetermined parameters 
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(preferably inputs and computed outputs). The invention turf maintenance vehicle. The memory array may be sized 
further includes the ability to provide such data in real time according to the desired amount and/or timed length of 
to a convenient hand-held diagnostic ^aratus or a remote information. Such stored information is generally very help- 
microprocessor, and/or to store the data for concunent or ful to maintain and diagnose such vehicles, 
later analysis by either die diagnostic apparatus or a remote 5 a third feature of the preferred embodiment is the ability 
microprocessor. A preferred diagnostic device constructed to interface with a remote personal computer to analyze the 
according to the principles of the present invention provides data cither as a record from a stored file (eg., from a floppy 
these functions so as to minimize the downtime of the disk) or in real time through an RS'-232 port The personal 
vehicle, optimize the diagnostic functions and maintenance computer can preferably scan through each of the records 
of the vehicle, and provide a user-friendly diagnostic tool. lO and highlight dianges, if any, from the previous record. 

la a preferred embodiment, a first electronic controller Yet another feature of the preferred embodiment is a hand 

monitors various parameters and computes outputs to help held diagnostic tool which is used to monitor the ongoing 

establish logical operation of various functions of the turf status (i.e-, real time status) of the monitored parameters, 

maintenance vehicle. Sensors provide the input to the first This tool is comprised of a series of LEDs which indicate the 

controller (i.e., a microprocessor). In the preferred logical status of the monitored parameters transmitted from 

embodiment, an optimized "dip" is an additional function of the electronic controller. The information is updated each 

the first controller. The first controller is located on board the time that a new record is transmitted from the electronic 

tuif maintenance vehicle. controller. The tool is a rugged and relatively inexpensive 

The first controller transmits the status of the various way of providing a useful field diagnostic device, 

monitored inputs and computed outputs to an RS-232 port ^ Additionally, the tool immediately provides the exact status 

Preferably, the transmission occurs each time that the status of each monitored parameter so no interpretation of error 

of any one of the parameters changes. Additionally, an codes needs to be performed, thereby decreasing the chance 

indication of the relative time is iacluded in the transmission of misinterpreting a code. The use of this type of device 

in order to maintain the real-time sequence of the monitored enables for diagnosing problems when error codes have not 

parameters. From the port, the data may be utilized imme- ^ been predefined. 

diately by a hand-held diagnostics display, by a remote Therefore, according to one aspect of the present 
computer, or by a memory array means. Li the preferred invention, there is provided a diagnostics device for a turf 
embodiment, the memory array means is comprised of a maintenance vehicle, comprising: a microprocessor for 
second electronic controller having random access memory monitoring the status of a plurality of predetennined paiam- 
and non-volatile memory. When in use to capture data, the ^ eters and generating a signal indicative of the status of said 
memory array is located on the turf maintenance vehicle so parameters, wherein the actual parameto- status is contained 
as to connect to the RS-232 port. within said generated signal; memory array means, coop- 
In operation, the memory array means initializes its crativdy connected to said microprocessor, for receiving 
memory and turns on a serial interrupt Thereafter, each time said generated signal and for storing said signal in a prede- 
an interrupt is generated (i.e., when the first controller termined fashion, whereby subsequent analysis of the status 
transmits the status of the parameters) the diaracters rcpre- of said parameters in a time coherent manner is facilitated; 
sentative of the status of the monitored parameters are and diagnostic tool means, cooperatively connected to said 
moved into a portion of the memory array means (RAM manory array means, for visually displaying said generated 
memory), and a character counter is incremented. The ^ signal, and wherein said diagnostic tool means displays the 
memory array means further includes a switch which stops actual parameter status over time. 

the process by turning off the transmit^eceive interrupt These and otha* advantages and features which charac- 

Until that time, however, the characters are stored in a terize the present invention are pointed out with particularity 

predeterraiaed sequence. Accordingly, a time coherent in the claims annexed hereto and fn rmin g a further part 

record of the stams of each of the monitored inputs and hereof. However, for a better understanding of the invention, 

outputs is maintained. the advantages and objects obtained by its use, reference 

After the stop switch is enabled, the data in the RAM should be made to the drawing which forms a further part 

memory is copied to programmable erasable read-only hereof, and to the accompanying descriptive matter, in 

memory (PEROM), and a red iPn is turned on to indicate which there is illustrated and described a preferred cmbodi- 

that the memory array means has stopped storing data. ^ ment of the present invention. 

One feamre of the present invention is the utilization of a BRIEF DESCRIFnON OF THE DRAWING 
table of required conditions prior to engaging and/or allow- 
ing specific machine functions. Since the electronic control- ^ Drawing, wherein like reference numerals and 
ler includes a micrcprocessor, the advanced functionaHty of ^^^^ indicate corresponding elements throughout the sev- 
the processor may be further utilized by including an 55 views: 

advanced logical grid of allowed conditions of turf mainte- FIG. 1 is a perspective view of a commercial riding turf 

nance operations. mower 10 on \^ch an electronic controller and diagnostics 

Anotherfeatureofthepresentinventionistheinclusionof apparatus constructed according to the principles of the 

advanced diagnostic capabilities. In the preferred embodi- present invention may be utilized; 

ment the first controller determines whether any fault con- 60 I^G. 2 is a block diagram illustrating the hydraulic fluid 

ditions exist and notifies the operator of the same. Hie system of the mower 10 of FIG. 1; 

condition of the various inputs and outputs to the processor FIG. 3 is a functional block diagram illustrating the 

is preferably provided to a serial port for real time analysis. electronic components comprising a preferred embodiment 

This allows an operator to determine the status of the controller apparatus; 

parameters when the fault occurred. The serial pGTt also can 65 FIG. 4 is a graphical illustration of the data points 

provide the data to a memory array means to store the conq^rising a look-up table stored in block 107 of FIG. 3 

parameters, thereby keeping a data log of the status of the which act as input to the FID control; 
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FIG. 5 is a logical coatrol process diagram of the PID FID control process, an example tuif maintenance veiiicle, 

control utilized by the ciip controller apparatus; and and the first electronic conlrollei: 

FIG. 6 illustrates a logic block diagram illustrating com- First, as bri^y noted above, and as those skilled in the art 

puter program operation by the microprocessor block 102 of will appreciate, c% may be defined as the geometrical 

FIG. 3; 3 relationship of ^e linear distance between adjac^t peaks of 

FIG. 7 is a schematic diagram of the hydraulic fluid grass blades over a distance subsequent to a reel mower 

manifold block 86 of FIG. 2; having passed over the grass in an operative manner (i.e., 

HG. 8 is a graphic iUustration of the diagnostic tools and ^"^S manner). Briefly, dip is caused by the individual reel 

the cooperative manner in which the tools are used in flie ^^^^ passing in a circumferential manner about an axis of 

preferred embodiment of the present invention; ^° rotation, while the axis of r<^tion moves along a line. RGS. 

FIG. 9 is a gmphic iUustiation of blades A and B moving ^ ^"^^ ^ 

past a bed knife and the cut which results; ^ ^^^^ skilled in the art will appreciate, there is not a 

FIG. m is a diagrammatic iUustration of the side cross pomnaon definition of an optimized e^ct cUp oth<^ than by 

sectionviewoftheiesultingshapeofthegrassascutbythe i< mtmtive fed or by empmcal stu^^^^ 

reel blades in FIG 9* ' troUer 100 is used to optmwze the dip by dnving the reels 

TTTr^ till.' J- ' *i Ml * * • * at a certain speed in view of the ground speed. A look-up 

no. lOfc IS a dia^ammatic dlustation of a top view of ^^-^ ^^.^^ ^^^^ ^ speed given a certaii 

the resulting shape of the grass as cut by the reel blades m gromid speed. 

CTi^'ii 'A* *j Ml ^ ^ 1 rT^ry poittts of the look-up taWc arc graphically 

HG. ll«adiagrainmaticiUustratioiiofvalve702ofnG. 20 .^^^^ .J^^ ^ ^ reel spJ^ itself is regJated to 

reside between maximiiTn and minimum values which are 

FIG. 12 is a functional block diagram illustrating the predetermined (i.e., "danmed"). 

d^tronic components of the data log buffer blod. 112 of g^^^^ ^^^^ ^^^^ ^ ^^^^^^^ 

' * . .1, . - 25 Utilizes a feedback loopi In the prrferred embodiment this 

FIG. 13 IS an illustration of the hand hdd diagnostic feedback loop includes a PID control algorithm. 

^ By using PID control, the red speed is properly and 

FIG. 14 is an electrical schematic of the hand hdd quickly maintained at predetermined speeds depending on 

diagnostic device of FIG. 13; various parameters. FIG. 5 illustrates the functional PID 

FIG. 15 illustrates the command menus of the remote ^ control loop. Those skilled in the art will appreciate that 

personal computer program; other types of control algorithms or equations could be used, 

FIGS. 16A-16C illustrate screen displays of the remote Third, refenring to FIGS. 1, 2, and 7, there is illustrated a 

personal computer program showing the status of the van- preferred embodiment apparatus configured in accordance 

ous monitored inputs and outputs; with the prindples of the present invention. Referring par- 

FIG. 17 is a logic block diagram illustrating compute 35 ticulariy to FIG. 1, there is shown a typical commerdal 

IH*ogram operation by the remote personal computer; and riding mower 10 with which the present invention may be 

HGS. 18a and 186 iUustiate a logic block diagram used. As noted above, such mowers are typically utUized for 

illustrating computer program operation by the second con- cutting large areas such as gdf courses, football fidds, parks 

troUer of buffer block 11. mower 10 includes a rear housing 12 

40 endosing an engine conq)artment 14 which is hydraulically 

DETAH^ DESCRIPnON OF THE coupled via a transmission (best seen in FIG. 2) to a pair of 

PREFERRED EMBODIMENT front driving or traction whe^ 16. The operator sits in a seat 

The prindples of this invention apply to the monitoring positioned in front of the engine housing 12 and controls 

and staring of parameters in a turf maintenance vehicle. The opo-ation of tide mower 10 by means of hand controls 30, 

apparatus and method indude the gathering of parameter 45 foot controls 22, and a steering whed 24 which is coopera- 

status, transmitting the gathered information to a memory ^^ely connected to a pair of rear steering wheels 26, only 

array means, and storing and updating a RAM array with the of which is shown. The rear steering wheels 26 are of 

transmitted information. The data is stored in accordance relatively smaller diameter and tread tfian the ficont traction 

with a predet^mined criteria in order to evaluate the data at wheds 16, for purposes of better maneuverability, 

a later time in a time coherent manner (Le., the real time 50 StUl referring to FIG. 1, the mower 10 includes a frame 

sequence and relationship is preserved to review the data at having a projecting forward platform on which the foot 

a later point as it occurred). controls 22a, 226 and pedestal for steering wheel 24 are 

As noted above, althougji the example of mowing in a mounted. A front lift arm assembly 30 is mounted on the 
golf course environment will be utilized herein, those skilled ^8 between the front wheels 16, while a 
in the art will appreciate that such application is only one of 55 rear lift arm assembly 32 is mounted on the frame between 
many turf maintenance environments in which the prindples ^ wheels and the rear wheels 26. As wiE be explained 
of the present plication might be utilized. AccOTdingly, the ™rc ftdly below, the lift arm assoiiblies 30 and 32 include 
golf^fairway examples presented herein should not be con- ligjitweigjit cutting reels mounted on pivotal lift arms that 
strued in a limiting manner. Also, those skilled in the art will ^ normally biased by adjustable spring assemblies down- 
appreciate that althougji the present device is illustrated in wardly into contact wifli the tuif. Hydraulic cylinders opcr- 
the Figures as residing on a particular Uirf mower, it should ^0 raise and lower the lift aims between their extreme 
be understood that any number of turf mowers can utilize the positions. The operation of the lift arm assemblies is dis- 
present invention. cussed more fully in U.S. Pat No. 5,042,236, whidi is 

hereby incorporated herein by reference. 

GENERAL OVERVIEW ^ Cutting reels are mounted on the outer end of each of the 

A detailed description of the present invention will be lift arms of the front lift arm assembly 30. More particularly, 

deferred pending brief discussions of the term **ci^'*, the cutting reel 48 is secured to the outer end of the right 
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outboard lift arm 36, cuttuig resel 50 is secured to the outer 
end of the middle lift arm 38, and cutting reel 52 is mounted 
on the outer end of the left outboard lift arm 40. Each of the 
cutting reels 48, 50 and 52 is of substantially conventional 
construction, including hydraulically driven transverse 
blades positioned between front and rear transverse roU^. 
Such cutting reels 48, 50 and 52 are usually enclosed by 
grass shields and baskets, only two of which shields/baskets 
54 and 56 are shown in FIG. 1 for the purposes of clarity. 

Rear lift arm assembly 32 is mounted on the lower frame 
28 between the front wheels 16 and the rear wheels 26. Hie 
rear lift aim assembly 32 includes left and right lift arms 
120, only one of which is shown. Both arms are supported 
and biased downwardly by hydraulic actuators and adjust- 
able spring assemblies respectively similar to those in front 
lift arm assembly 30. 

Moving now to FIG. 2, there is illustrated the preferred 
hydraulic system 80. The hydraulic system 80 is energized 
by prime mover 81 which is cooperatively connected via 
drive shaft 82 to hydraulic pump 83. Hydraulic pump 83 is 
in turn connected to differential 85 via shaft 84. As those 
skilled in the art will appreciate, the differential 85 drives the 
wheels 16 in response to commands from an operator via the 
foot control 22a. Hydraulic pump 83 is connected to mani- 
fold 86 via input and output lines 87, 88 respectively and 
includes a hydmulic fluid reservoir tank. In the prefened 
embodiment, pvaap 83 is manufactured by Webster Fluid 
Power Products, Inc. of Easley, S.C., und^ the model 
designation 49913-6. 

The manifold 86 includes connections for various devices 
and apparatus driven by hydraulics on the mower 10 includ- 
ing lifting the reels on the front reel deck 30 and rear reel 
assembly 32. Fox clarity the connections at manifold 86 are 
not shown in FIG. 2, but are illustrated in FIG. 7. 

The reels are driven hydraulically via hydraulic motors 71 
througji 75. In the preferred embodiment the hydraulic 
motors utilized are manufactured by Webster Fluid Power 
Products, Inc. of Easley, S.C., under the model designation 
152-10000353 and are preferably of the constant displace- 
ment type. The motors 71-75 are cooperatively connected to 
the reels in a well known manner such that when hydraulic 
fluid passes through the reel motors 71-75, the reels rotate. 

Microprocessor 102 (discussed in more detail below) is 
cooperatively connected to die manifold 101 to operate 
various valves within manifold 86. The valves (best seen in 
FIG. 11) control the hydraulic fluid flow to hydraulic motors 
71-75. 

Turning next to FIG. 7, it will be appreciated that the 
hydraulic fluid flow is assumed to be constant for a given 
motor speed. The flow will be described with respect to the 
front mower assembly, and it wiU be understood by those 
skilled in the art that the rear mower assembly 32 operates 
in a similar manner. 

Hydraulic fluid enters the manifold 86 via Hne PI and 
passes by pressure relief valve 704 which is normally closed 
The fluid then passes through valve 705 which operates to 
provide fluid to the up and down operation of the front reel 
assembly. The remaining fluid continues to intersection "Y" 
wherein the fluid continues toward intersection '*Z" if valve fio 
701 is closed, but returns to the tank line 'T" if the valve 701 
is open. In the preferred embodiment, valve 701 is normally 
open which provides for a path of lesser resistance for the 
hydraulic fluid. When microprocessor 102 closes valve 701, 
then the hydraulic fluid continues toward intersection "Z.*" 

At intersection '*Z" the hydraulic fluid again encounters a 
normally open flow path through valve 702. Accordingly. 
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the fluid will normally flow through valve 702 toward the 
tank line 'T" since fliere is less resistance than flowing 
through a reel motor 71, 72, or 73. As valve 702 is closed a 
larger amount of hydraulic fluid is forced to continue toward 
line M4 to the red motors 71-73. The valve closes as a 
solenoid is energized by a pulse width modulated signal 
from the microprocessor 102. Therefore, as the duty cycle of 
the signal inaeases, the valve doses finther. A spring 
normally biases the valve open. FIG. 12 diagramnmtically 
illustrates valve 702. It will be appreciated fliat the valves 
700-706 are generally of the variable orifice type. 

Finally, the hydraulic fluid passes through diverter valve 
703 which provides for diverting the fluid to operate the 
reels backward to enable backlapping. The dashed line in 
FIG. 7 designates block 86 of FIG. 2. 

Fourth, turning to FIG. 3, a preferred first dectronic 
controller functional block diagram is presented. The elec- 
tronic components are illustrated generally at 100. The heart 
of the controller 100 is microprocessor 102. Providing 
inputs to the microprocessor are filter and protection cir- 
cuitry block 103 which includes analog and digital inputs. 
The inputs and ou^uts of microprocessor 102 are set forth 
below in Table 1 as follows: 

TABLE 1 



Inputs: 


Outputs: 


AO Start 


13 Preheat 


Al HOC Put 


12 Start 


2 Run 


7 BIK Hold-Run/Alt. 


3 Neutral Switch 


10 SI 


4 Scat Switch 


1 S8/S9 


5 Ifemperattne 


2 S2 


6 Temp. Override 


3 S3 


7 Raise 


4 S4 


8 Enable 


5 S5 


9 Down Switch 


6 S6 


10 Front Backlapping 


11 S7 


11 RearBacklappinf 


8 VSl 


12 Lower 


9 VS2 


13 y»BIadc Reel switch 


0 Out of Range light 


14 Ftont Reds HSI 




15 Back Reels HSI 




16 Transmisaon Speed Sensor 
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Those skilled in the art will appreciate that these inputs 
and outputs are illustrative only and that other 1/0 function- 
ality may be provided such that the microprocessor and first 
controller 100 in general operate in their intended manner. 
For example, the type of reel mower 10 may vary so as to 
provide different inputs to the filter and protection circuitry 
103. 

Certain inputs to the filter and protection circuitry block 
103 are provided to the quadrature decoder ("QD") 104. The 
QD 104 receives the input from block 103 which was 
originaUy generated by encoder devices, such as optical 
encoders, to determine speed and direction of rotation (Le., 
clockwise or counter-clockwise), although in the present 
prrferred embodiment, only the speed information is uti- 
lized. Accordingly, reel-speed and ground-speed is deter- 
mined at QD block 104. The process of determining the 
number of revolutions of transmission gear teeth and pick- 
ups on rotating objects such as the reels via optical encoders. 
Hall Effect switches, etc. is well known in the art and so will 
not be described further herein. PrefOTbly magnetic pickups 
are used to d^rmine the ground speed and reel speed 
although any number of other type devices may be used as 
will be appreciated. 

RS'232 interface/diagnostic block 105 provides a two- 
way communication port to microprocessor 102 for diag- 
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nostics and testing. A<lditionally, a remote computer 106 priate memory, clock osdllato-, buffer and other attendant 

may be utilized to provide field-loaded software instructions peripheral devices are to be properly connected for ihe 

to reside in non-volatUe monory block 107 or to perform devices to operate in didr intended mannw. 
diagnostics functions. Block 105 provides for the inclusion 

^«Ii:Sr«S£^^S^^: ' nESCRTnONOFMEMCKVA^RAYMEAKS. 

ditions exist and notifies the operator of the same via THE DIAGNOSTIC TOOLS, AND THE REMOTE 

diagnostics line 110 which is connected to a warning lamp COMPUTER 
(not shown). Further, the condition of the various inputs and 

outputs to the processor is preferably provided to block 105 lo Ttoiing now to FIG. 8, there is illustrated a preferred 

which allows for disccraing the status of the same upon the embodiment of the present invention. RS-232 block 105 

occurrence of the fault by use of a remote hand held logic resides on turf maintenance vchide 10 and provides a 

decoder (best seen in FIGS. 14 and 15) which is pro- communication link to microprocessor 102 of the first 

grammed to decode the fault status data provided to the controller (best seen in FIG. 3). Preferably each time that a 

block 105, The block 105 may also optionally provide the is monitOTed input or confuted output change, the status of the 

data to memory array means 112 to store a plurality of parameters is generated and transmitted to block 105. 

conditions to keep a data log of the status of the turf However, those skilled in the art wifl appreciate that the 

rnaintenance vehicle 10. The memory array 112 may be status might be transmitted at predetermined intervals or in 

fn^™^'^^*^'^ h'^'/ '^"^^ ^ow"^ f^^l^o^- transmitting the data only 

M<™ation. Such storej^infor^^^ is generaUy very heli^ 20 microprocessor 102 completes polling the inputs, cal- 

fol to mamtam such vehtdes. The diagnostic capabiUties are oniaf« a^L*^.,*. ^ * • • ^ tf 7" 

described in more detail bdow. ^"^^ ''"^P"^' determimng if a diange occurred, a 

Ai-^ * J* . , -.^o .... greater amount of data can be Stored in the data logger block 

Also connected to the processor 102 is block 118 which ^gg (coinprised of Modes 157, 112, 156). Additioi^y, this 

provides a power and voltage monitor function to the system j . . . /^.^ , *^v;.x^«««iviiaujr, uu^ 

lAA T« ^u/^^^f^A u A- . u method maximizes the probability that the parameters will 

100. In the preferred embodiment, a resistive voltage divider 25 ^ f ^ ^. 

feeds an analog-to-digital converter input to ^tablish a ^1!^^"^*.^ few dianges as possftle m each discrete 

digital representation of the battery voltage. Accordingly, j;^' ^ "^^^""^ ^^^^^ ^^y^^ °^ ^ 

block 108 may be used to calibrate input on other analog ^^^^ transmitted. 

ii^uts to eliminate variations due to changes in input volt- RS-232 block may optionally be connected to hand-hdd 

^ device 300, remote computer 106, and/or the data logger 

Hardware watchdog block 109 provides a reset function device 158 which is conqmsed of blocks 157, 112, 156. 

by signaling the microprocessor's 102 reset line, if the AdtUtionally, the hand-held device 300 and the remote 

watdidog block 109 is not toggled within a predetamined con^uter 106 may be connected to the data logger block 158 

period of time. In the preferred embodiment, the watchdog in order to analyze the data at a later time. Wh^i the 

block 109 is manufactured by Dallas Semiconductor of ^5 hand-held device 300 and the remote computer 106 are 

Dallas, Tex., having a model nmnber designation DS1232. ^^^^ ^lodL 105, real-timediagnostics is 

Also providing mputs are HOC sdector block 114 and the made possible. Those skiUed in the art will appreciate that 

number of blades per reel block 113. Each of the foregoing connecUon of the data logger block 158 is espedaUy useful 

wiS".^^^^^ ^JTJu^r k"*"-^ ^T. 40 in evaluating an intermittent error. Hand held device block 

S^^n^^^Tii^r^'^^ 300andremotePCblockl06areshownasbeingcomiected 

designation 80C196KB. The miaoprocessor 102 is prefer- a^^u^a a^*^ i ui leo * u mi ♦ 

ably a 16 bit microcontroller. Included with micropr^ssor .^I^^k ^^^Z ^^LV^^ '^J''^ 

102 is nonvolatile memory bk,ck 107 and random access '^f.'^^JTl^, ophonaUy attached to block 158 (smiilarly 

memory block 108. ^ illustrates the connection by dashed hnc). 

Additionally, a CAN or "controller area network" block Those skOled in the art will appredate that when con- 

117 may be provided to enable high speed communication nected to block 105, the hand-held device 300, the remote 

via a defined protocol to other optional CAN controllers 115 PC 106 and the data log block 158 are "on board" the turf 

which may be located on mower 10. maintenance vehicle 10. However, eadi of the devices do 

Diagnostics output line 110 is provided to a lamp 116 50 not need to remain a part of vehicle 10 during routine 

preferably located in a position easily visible to an operator operation. Also, the data log block 158 can be removed from 

in order to notify the operator of a fault condition. vchide 10 and the captured data analyzed remotely from the 

Finally, block 111 includes an output devices controller vehide. 

block which in the preferred embodiment is manufactured . , 

by Siemens Components of Santa Clara. Calif., having a 55 An exan^)leof the manner mwhiditiie fault/status of the 

model designation BTS432L. The device blodc Ul com- ^ maintenance vehide 10 may be provided to block 105 

prises hifiji speed drivers with buUt-in thermal protection, ^® ^ '^^^^f ^ ^^^^ ^ ^ ^^^^ 

over-current {H-otection, and open-circuit detection. Any of representing an input or output T^le 1 above and 

the foregoing conditions are rqwrted as faults to the miao- ^ illustrate the various inputs and computed outputs 

controller 102. The device block 111 includes a plurality of 60 ^ of Tabic 2. The individual bits are 

high side drivers and several higji speed pulse width modu- toggled to indicate the presence of the status of the I/O line 

lated drivers. and/or the presence of a fault By t(^g^ng the hits, the hand 

While not specifically detailed in FIGS. 3 and IZ it will ^^Id remote device 300 can comprise aiqiropriate logic and 

be understood that the various logic gates, flip-flops, buffer devices to light LEDs to signify the status and fault 

microprocessors, etc. must be properly connected to appro- 6S conditions. Additionally, a personal conqxiter 106 may be 

priate bias and reference supplies so as to operate in their appropriately connected with proper software to the RS-232 

intended manner. Similariy, it will be understood that appro- port 105 to analyze the diagnostic information. 
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BYTE 


STATUS OF 


1 


Timing Character 


2 


Irput switches 0-7 


3 


Iq)ut switches 8-lS 


4 


Jjjpvt switches 16, 17 


5 


Output switches 0-7 


6 


Output switches 8-13 


7 


Fault status for outputs 0-7 


8 


Fault shitts for outputs 8-13 
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stored data in the memory array means 112). The operation 
of the remote PC 106 will next be described. An exan^le of 
the logical program flow useful in reading the data from the 
data log block 15S is ilhistrated generally at 225 in FIG. 17; 
5 Although the PC 106 will be characterized as "proceeding" 
from logical block to logical block, while describing the 
operation of the program logic, those skilled in the ait will 
appreciate that programming steps are being acted on by a 
microprocessor. 

10 First, the program starts at block 226 and proceeds to 
block 227 where memory is allocated. The personal comr 
puter then reads the data 228 from the data log block 150 via 
In order to describe the data log block 158, reference RS-232 ports 105. At Mode 229, the PC then qptionally 
should be had to FIG. 12 where there is illustrated a memory saves the file or initializes for display on a video display 
array means 112 which is comprised of a second controller monitor. Continuing to block 230, the PC scans through the 
150 (which in a preferred embodiment is manufactured by data which was captured for the last word and counts the 
Intel having Model Designation No. 80C196KB) and total number of records. At block 231, the program displays 
memory blocks 151 and 152. The microprocessor is prefer- the status of the monitored parameters by displaying the 
ably a 16 bit miaocontroller. Included with the micropro- stattis as indicated by bytes 2-8 set forth in Table 2 above, 
cesser is a nonvolatile memory block 152 and random ^ Additionally, the time of the record and the changes in the 
access memory block 151. However, those skilled in the art parameter status from the previous record are displayed, 
will recognize that other devices which recognize incoming Upon operation of appropriate key functions, the PC dis- 
coded characters and place them sequentially into a buffer plays the next or previous parameter status at block 232 and 
might similarly be used. Memory array means 112, indicator program ends at block 233. 

means 156, and termination means 157 are each shown by ^ FIG. 15 illustrates the screen menus of the PC to view the 
dashed line to illustrate the functional devices which in the diagnostic conditions. At 234, the personal computer has 
prefOTcd embodiment comprise such means. allocated the memory and is waiting for input instructions 

The data log block 150 receives power from battery 155 (e.g., block 227 of FIG. 17). Choosing number 5 of block 
via voltage regulator device 154. Connected to data log 234, the program asks whether data should be read from a 
block 150 are red and green LEDs 153 which comprise ^ previously saved file or from the data log controlla* (e.g., 
indicator means 156 for visually alerting an operator to the block, 228 of FIG. 17). If option 2 is selected, then options 
status of the data log buffer. Single pole switch 157 com- are possible (at block 236) including watdiing the status of 
prises termination means for stopping the storage of the the parameters of the turf vehicle as it ran, comparing the 
status coded characters into data log buffer block 150. input to functional state requirements, searching inputs for 

In operation, data log buffer block 150 operates in accor- various functional states, or saving the file for analysis at a 
dance with HG. 18, where a logic flow diagram is illustrated later time (i.e., block 229 of FIG. 17). 
at 180. The operation starts at 181 and moves to block 182 FIGS. 16A-16C comprise a working example which 
where memory blocks 151 and 152 and the processor illustrate the appearance of the PC screen displays when 
operations arc initialized. FYocecding to block 183, serial ^ analyzing the parameters one record at a time. More 
interrupt processing is enabled, so that interrupt signals specifically, the working example illustrates a 'lower and 
generated by information received from RS-232 block 105 mow*' sequence. First in FIG. 16A, the lower/mow sequence 
can occur. At block 184, when the first 7 bytes representing is initiated and the front reels are lowered and instructed to 
the parameter status are received, a green LED 153 is turned start mowing. Second, in FIG. 16B, the back mowers are 
on to indicate proper operation of the data log buffer block lowered and instructed to start mowing. Hiis record occurs 
150. after FIG. 16A due to a predetermined delay in lowering the 

Upon receipt of the 7th byte, the interrupt program backreels relative to the front reels. The differences between 
starting at blod: 191 is activated and the characters are ^IG. 16AtoFIG. 16B illustrate change in status of solenoid 
moved into RAM buffer 151 at block 192. Proceeding to S2 (rear reels), solenoid S5 (rear lift/lower), and solenoid 
block 193, the character counter is incremented and opera- 50 ^^2 (rear speed control). 

tion of the program is returned at 194, TTie record illustrated in KTG. 16C occurs approximately 

The main program loop continues at block 185 by deter- 0.1 second after the record illustrated in FIG. 16B and 
mining whether the switch 157 has been activated. If not, the indicates that S2 faulted. This type of fault may occur due to 
program returns to block 184 to wait for the next interrupt an overcurrent condition, an undercurrent condition, or an 
driven process. However, if the data log stop switch 157 has 55 overheated driver. The fault was diagnosed by the software 
been activated at block 185, the serial interrupt is turned off of the microprocessor 102 and so S2 was shut off and the 
at block 186 and the sequence of stored status bytes is copied rear cutting units stopped. Solenoid S2 has an F in front of 
to the PEROM block 152 at block 187. Proceeding to block it to indicate a fault occurred. 

188, a red LED is turned on. The green LED is left on to in many instances, a remote PC is not practical for 
indicate captured data. The data log buffer block 150 is then eo performing diagnostics in the field. Also, at times a less 
held in a continuous loop until the power is shut down at expensive alternative may be required to analyze the func- 
block 189. The program ends at block 190. Since tiie data is tionality of the first controller 102. Accordingly, a remote 
moved into an PEROM, the data is safe until it is recalled by hand hdd device 300 (best seen in FIGS. 8, 13, and 14) can 
the remote PC 106 or the hand-held device 300 best seen in also be used to perform real time analysis of the status of the 
FIGS. 3, 8, and 12. 65 various inputs and computed outputs. In this device, LEDs 

The remote PC 106 is useful in analyzing the transmitted 301 are illuminated when the operation of a parameter 
signal of the parameter status (either in real time or from the causes the corresponding bit of bytes 2-8 set forth in l^le 
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2 above to go high, A toggle switch 303 is inchidcd to toggle flow of the cx)ntrollcr in carrying out the optimization of the 

the device 300 between output and input parameters. In this dip control is set forth in FIG. 6. In a preferred embodiment 

manner* the cp^ation may be checked against the appro- of a device constructed according to the princtples of the 

priate logical status conditions to determine tiie operation of present invention* the logic means conq)rises a micropro- 

the controller. Connector 302 is of a known type to connect 5 cesser 102 which sequentially poUs the inputs, including the 

to RS-232 block 105. Those skilled in the art will appreciate asynchronous interrupts. A logic flow diagram of an cmbodi- 

that by checking the condition of the parameter after the first ment of the program logic which might be resident in the 

controller 102 has analyzed the param^er and transmitted microprocessor 102 or stored in nonvolatile memory block 

the status as part of the 8 byte record, the proper operation 107 or RAM 108 as illustrated in FIG. 6, wherein the logic 

of the software of miaop-ocessor 102 is also verified. lo diagram is shown generally at 200. The logic flow diagram 

FIG. 13 illustrates an overlay which may be used to 200 illustrates the steps taken to analyze the logical status of 

indicate the status of the monitored parametca^s by handheld various inputs and provide ou^uts to drive the reels at 

device 300. Those skilled in the art will appreciate that any ^eir proper speed relative to the ground speed (i.e., as 

number of overlays might be iKcd dqwnding on the moni- illustrated in FIG. 6). 

tored parameters. Therefore, the overlay is merely an inter- ^5 Although the microprocessor 102 will be characteiized as 

paretive tool and other iiq)uts and/or calculated ou^uts might **proceeding" from logical block to logical block, while 

be shown with different identifying words. describing the operation of the program logic, those skilled 

FIG. 14 illustrates a prefeored circuit used to decode the in the art will appreciate that programming steps are being 

transmitted 8 byte signal in the hand held device 300. The acted on by microprocessor 102. 

device includes a programmable microirocessor chip 304. In operation, microprocessor 102 starts at block 201. 

The connector 302 is cooperatively connected to the RS-232 Micraprocessor 102 then proceeds to initialize at block 202. 

block 105. The incoming transmitted signal is applied to the These functions include initializing the microprocessor, 

base of transistor device 305 which turns the transistor on serial ports, input structures, output structures, high speed 

and off. The collector of the device 305 is thereby switched input processors, and high spe^ ou^ut processors (i.e,, 

between high and low voltage levels. This level is p-ovided ^ pulse width modulators). 

to pin 1 of mia<^ocess<ff 304, the bits are decoded into the At block 203. the microprocessor 102 begins the main 

coiTespon<hng parameters setforth inTable 1 above, and the control program loop. The first step of the main program 

Iffoper LEDs 301 are fit so as to correspond to the overlay loop is to proceed to block 204 where the digital inputs are 

shown m HG. 13. Switch 303 toggles between inputs and ^ead. Next, proceeding to blodc 205, various analog inputs 

ou^uts. However, additional LBDs could also be added. ^ read to determine whether it is appropriate to allow the 

OTHER FUNCTIONS AND OPERAnON OF prime mover fud solenoid to dim on (i.e., in a dieselsystenu 

^^LFfSoMT mSroV^ "^""'^ '^^"^ in the art will appreciate that in a 

tiUlciKUJNU. <JUJN1KULL11K gasoKnc system an ignition coil may be ungrounded). The 

As previously noted above in connection with tfie descrip- 33 interlocking system of inputs AO, Al, and 1-16 are decoded 

tion of the hydrauUc fluid system 80, the electronic control- ^^^^ 205 to provide various logical features of the tuif 

ler 100 CMUrols the speed of the reels by providing a pulse maintenance vehicle 10 described herein, 

width modulated signal to valves 702, 706. Having now Microprocessor 102 then proceeds to block 206 where a 

described in detail the hydraufic operation of the reds and logic table is processed based upon the decoded inputs. A 

the interconnection of the electronic conOroUer 100, the logic representative logic table is set forth below: 



Ii^uts 



FuDctums 


0 1 2 


3 4 


5 


6 7 


8 


9 


10 


u 


12 13 14 IS 


16 17 AO Al T 


C(mtioncr OK 


X 




















Preheat 


X 


















T6 


Start 




X 




0 


0 








0 


X 


Run 


X 
X 


X 

0 X 


0 
0 
















Lower 


X 






0 


0 


0 


0 


0 


X 




(Disabled) 


X 






0 


0 


X 


0 


0 


X 




(Enabled) 


X 






0 


X 


0 


0 


0 


X 




Lowei/Mow 


X 






0 


X 


X 


X 


0 


X 


Tl 




X 






0 


X 


X 


X 


0 


X 


T2 


Mow 


X 






0 


X 


X 


X 


0 


M 




Raise CTranspoit) 


X 






X 


0 




0 


0 


0 




(Tb turn around) 


X 






X 


X 


X 


0 


0 


0 


T3 




X 






X 


X 


X 


0 


0 


0 






X 






X 


X 


0 


0 


0 


0 




Bacfclap ficont 


X 


X 




0 


X 


X 


X 


0 


X 


T2 




X 


X 




0 


X 


X 


X 


0 


X 




BacUapRear 


X 


X 




0 


X 


X 


X 


X 


X 


T2 




X 


X 




0 


X 


X 


X 


X 


X 





TIMERS 



TI = 3 sec. 
T2 = 5j0sec. 
13 = 5 sec. 
T4 = .1 sec. 
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-continued 

T5 = .9 sec. 
T6 = 15 sec. 
Key: 

0 = 

1 = 

2 = Key Run 

3 = Traction neutral 

4 = Seat Switch 

5 = High Coolant Tfcmp 

6 = 

7 = Raise 

8 = Enable 

9 = Front Unit Down 

10 = Backlap front 

11 = Backlap rear 

12 = Lower/mow 
13 

14 = 

15 = 

16 = 

17 = 

AO = Start, key 

Al = DDDDDDDDDDDDDDD 

T = Hmer involved ' 
X = Clo^ 
O = Open, 
P=On, 

M = Momentarily Closes, 

A = Output on if reels previously were nnmii^. 

Outputs 

12 13 
P 

P P 



Functions 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


u 


Controller OK 


P 
























Preheat 


P 
























Start 


P 
























Run 


P 














P 












P 














P 










Lower 


P 






P 






P 












(Disabled) 


P 






P 


P 


P 


P 












(Enabled) 


P 






P 


P 




P 












Lower/Mow 


P 






P 


P 




P 




P 




P 






P 




P 


P 


P 


P 


P 




P 


P 


P 




Mow 


P 




P 












P 


P 


P 




Raise (Transport) 


P 






P 


P 


P 












p 


(lb turn around) 


P 




A 


P 


P 










A 




p 




P 






P 


P 


P 












p 




P 








P 


P 












p 




P 
























Backlap &ont 


P 


P 




P 


P 


P 


P 




P 




P 






P 


P 














P 




P 




Backlap Rear 


P 


P 


P 


P 


P 


P 


P 






P 








P 


P 


P 














P 







Key: 

0 = Diagnostic Light 
1=S8,S9 

2 = S2 

3 = S3 

4 = S4 

5 = S5 

6 = 86 

7=ETRHoW/Alt 

8 = VSl 

9 = VS2 
iO=Sl 

11 = S7 

12 = Start 

13 = PrclKat 
X = Closed, 
0= Open, 
P=On. 

M = Mamentarily Closes, 

A = Output on if reels previously were running 

At block 206, first the output states are qualified based subroutine is run, first determining whether back lap of the 

upon the various input states. Additionally, the transmission reels is desired by the operator. If backlap is requested, both 

speed is enabled if the operator has adjusted the controls 20 the height of cut selector 114 as set by the operator and the 

to a position other than neutral At block 207 the change dip set point are determined. 
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Jf back lap is not requested the processor jH'oceeds to 
block 208 and the set point subroutine is called. Jf 5 blade 
reels are being utilized, the ground speed is determined by 
interrupt driven routines based on high speed iiq>ut devices 
measuring the rotation of a transmission gear driving wheels 
16. Thus, the actual ground speed of the vehicle 10 may be 
used to vary the reel speed and optimize the clip. Given the 
determined ground speed, the set point is determined in 
accordance with a look-up table winch includes the infor- 
mation set forth in TMt X discussed above. 

If a 5 blade reel is not being used, then the ground speed 
is determined via the higli speed input interrupt driven 
routine and the set point is detenmned based on the 8 blade 
information. 

Moving to block 209. microprocessor 102 determines 
whether the reels are qualified to run by the lotgic table set 
forth above. Next, the speed calculation subroutine is called 
to determine the proper reel speed given the HOC and 
ground speed. Miapprocessor 102 then proceeds to block 
210 where it is deteamined whether a diange in the red 
speed is necessary. If no change is necessary, then the high 
speed output does not need to be changed and the micro- 
processor proceeds to block 213. However, if a change is 
necessary, then microprocessor 102 proceeds to block211 to 
check for valid speed data (i.e., the data is invalid if it is too 
old or is zero). If the speed data is not valid then it is 
assumed that the reels have st0|^d and the miaoprocessor 
102 increases the duty cyde to the flow control valves 702, 
706. If the speed data is valid, microprocessor 102 uses the 
data at block 212 to adjust the KI, KP and KD PID control 
values. As noted above, the reel speed is clamped between 
two predetermined values which in the prefeired embodi- 
ment are 600 r.p.nL and 1800 r.pjn. However, those skilled 
in the art will appreciate that the foregoing numbers may 
vary and the clamping of the reel speeds may be detemdned 
by the speed required to cut the turf, to rid itself of the 
clippings and to avoid creating stragglers. Also, althwgh the 
high end r.pm is limited by the controller 100, the system 
is also limited by the design of the hydraulic system 80. 

The output is based upon the control equation as follows: 

PWM On 'nme=ErTor/*'^4Change Ertor/*>Z Enoi/K, 

The FID computations to set the pulse width modulator on 
time is determined at block 212. The microprocessor 212 45 
then proceeds to block 213, whm favlt data from the 
ou^uts is determined qualified ou^uts are turned on if they 
have not faulted or been masked, and the diagnostic Hght is 
flashed if any ou^uts have faulted (the light is initially 
turned on to show that the unit is turned on). If the operator 50 
has activated a control 20 to tum ofi" the vehide 10, then the 
processor 102 proceeds to block 214, otherwise tiie proces- 
sor proceeds to block 203 to begin the main program loop 
once again. 

It is to be understood that even though numerous char- 
acteristics and advantages of the present invention have been 
set forth in the foregoing description, together with details of 
the structure and function of the invention, the disdosure is 
illustrative only and changes may be made in detail, espe- 



used. Also, the red speed of one or several of the reels 
induded on the tmf maintenance vehide mig^it be moni- 
tored Other modifications and alterations are well within the 
knowledge of those skilled in the art and are to be induded 
within the t^oad scope of the appended claims. 
What is daimed is: 

L A diagnostics device for a turf maintenance vehide, of 
the type having an engine, a transmission, a cutting unit, and 
a plurality of operating parameters, conqirising: 
a. a fir^ processor for actively controlling the operation of 
the turf maintenance vehide, wherein said first proces- 
sor monitors a ftoality of predetennined operating 
parameters of the turf maintenance vehicle, each of said 
operating parameters having a status and wherein said 
operating parameters include an operator presence 
signal, a transmission status signal, and a oitting unit 
status signal, and wherein said first processor enables 
the operation of the engine and cutting unit of the turf 
maintenance vehide based upon the status of the oper- 
ating parameters by gen^ting and outputting control 
signals to the engine and cutting unit; b. status signal 
generation means for generating a signal which 
indudes components which are indicative of the stams 
of each of said operating parameters; 

c. a second processor for receiving said generated signal, 
and memory array means, cooperatively connected to 
said second processor, for storing said generated signal 
in a memory location in a manner which preserves the 
real time sequence and relationship of the status of the 
parameters, wherein subsequent analysis of the status 
of the parameters is facilitated and wherdn each of said 
operating parameters recdved by said second processor 
is monitored by said first processor; and 

d. diagnostic tool means, cooperatively connected to said 
memory array means and said second processor, for 
visually displaying said generated signal, and wherein 
said diagnostic tool means displays the actual stams of 
each of the parameters. 

2. The diagnostics device of claim 1, whoein said diag- 
nostic tool means is a remote computer. 

3. The diagnostics device of claim 2, wherein said remote 
con^utcr indudes means for reviewing the stams of the 
monitored parameters in a manner which provides for rec- 
reating the time sequence and rdationship of the status of the 
monitored paramet^. 

4. The diagnostics device of claim 1, wherein said diag- 
nostics tool means is a handheld device comprising: 

a. decoder means for decoding said generated signal in 
real time into said components corresponding to the 
parameters which are monitored; and 

b. indicator means, connected to said decoder means, for 
applying said decoded components to an indicator 
whidi is visually perceivable, wherein the status of 
eadi of the monitored parameters is discemable in real 
time. 

5. The diagnostics device of claim 1, wherein said gen- 
oated signal is a digital signal comprised of one or more 
segments, wh^in each segmi^t includes a plurality of 

dally in the control jn-ocess algarithm, in tiie red drive 60 discrete bits of information, and wherein each bit of infOT- 
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system and in the coding of the monitored parametffs. For 
exan^e with regard to the latter, &e coding might take the 
form of several bits to monitor additional characteristics. 
Further, each bit may not represent a ^)ecific monitored 
parameter, but a code might be inq>lemented. Finally, an area 65 
of RAM in the first controller 100 might be used or a 
communication port other than an RS-232 port might be 



mation provides an indication of the status of one of the 
parameters on a one-to-one basis. 

6. The diagnostics device of claim 5, wherein said diag- 
nostics tool means is a handheld device comprising: 
a. decoder means for decoding said segments and nmltq>le 
bits into said CQnq>onents conesponding to the status of 
tiie monitored parameters; and 
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b. indicator means, connected to said decoder means, for 
applying said decoded components to an indicator, 
wherein the actual status of the monitored parameters 
may be visually discerned. 

7. The diagnostics device of claim 1, wherein said 
memory aaay means includes a mido-controUer having a 
communications port for receiving said generated signal, a 
memory storage device for storing said signal, and a micro- 
processor for controlling receipt of said signal and storing 
said signal in said memory storage device. 

8. A diagnostics system for determining fault conditions 
by collecting the status of parameters monitored by an active 
control device on-board a turf maintenance vchide, of the 
type wherein the control device produces control signals 
based on the status of the parameters and ou^uts the control 
signals to devices on the turf noaintenance vehicle for 
allowing and disallowing operating functions of the turf 
maintenance vehicle, comprising: 

a. parameter status means for generatiDg a signal indica- 
tive of the logical operation of predetermined param- 
eters monitored by the active control device located 
on-board the vehicle, wherein said parameters include 
cutting unit functions, engine and transmission status 
and operator presence, and wherein said generated 
signal contains the actual status of each of said param- 
eters; and 

b. display means for receiving said generated signal and 
visually displaying said parameter status, wherein a 
fault condition is directly determinable from said dis- 
play means, wherein presupposition of all possible 
errors is not required, 

9. The diagnostic system of claim 8, wherein said display 
means receives and displays said signal in real time, and 
wherein said display means is conq)rised of at least one of 
a remote computer and a logical decoder means including a 
plurality of LEDs. 

10. The diagnostic system of claim 9, wherein said remote 
computer decodes said generated signal and displays the 
status of each monitored parameter on a visual display. 

11. The diagnostic system of claim 8, wherein said signal 
is stored in a memory array in manner which preserves the 
real time sequence relationship of the said parameters in 
order to enable recreation of the real time operation of the 
monitored parameters, and wherein said visual display 
means includes means to retrieve said stored signal. 

12. The diagnostic system of claim 8, wherein said 
parameter status means generate said signal when a param- 
eter changes condition. 

13. The diagnostic system of claim 8, wherein said 
generated signal is a digital signal whidi includes a timing 
character and a plurality of discrete bits, wherein the status 
of each bit corresponds to the status of an individual 
monitored parameter. 

14. The diagnostic system of claim 8, wherein said display 
means further comprises a hand held device including: 

a. decoder means for decoding said generated signal into 
said components corresponding to the status of the 
monitored parameters; and 

b. indicator means, connected to said decoder means, for 
applying said decoded coiiq>onents to indicator whic^ 
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is visually perceivable, wherein the status of each of the 
monitored parameters may be reviewed by a user. 

15. The diagnostic system of claim 8, wherein said signal 
is stored in a memory anay in a predetermined manner to 

^ enable recreation of the real time operation of the monitored 
parameters, wherein said visual display means includes 
means to retrieve said stored signal, said signal is generated 
when a parameter changes condition, and said signal 
includes a timing character and a plurality of discrete bits, 
wherein the status of each bit corresponds to the status of an 
individual monitored parameter. 

16. Hie diagnostic system of claim 15, wherein said 
memory array comprises a microprocessor which is 

j5 arranged and configured for storing said signal in a prede- 
termined area in a memory storage device and for respond- 
ing to requests from said visual display means to transmit 
said signaL 

17. The diagnostic system of claim 8. wherein said 
20 parameters includes inputs and confuted outputs. 

, 18. An electronic controller device for a turf maintenance 
vehicle, comprising: 

a. a plurality of sensors to monitor a plurality of statuses 
of predetermined operative condition parameters of the 

^ vehicle and to generate first signals indicative of said 
condition wherein said first signals comprise a logical 
condition of said statuses relative to one another; and 

b. a microprocessor for monitoring said first signals and 
30 comparing the logical condition of said first signals to 

a look-up table prior to allowing subsequent operation 
of the vehicle, wherein said microprocessor actively 
generates and ou^uts at least one signal to a device on 
the turf maintenance vehicle. 
35 19. The controller device of daim 18, wherein said 
microprocessor generates a second signal indicative of said 
stamses, wherein said second signal is a digital signal, and 
wherein said second signal can be analyzed upon the occur- 
rence of a fault to determine which parameter exhibited the 
40 fault condition. 

20. The controller device of claim 19, further comfffising 
memory array means, coopcrativdy connected to said 
microprocessor, for receiving said second signal and for 
storing said second signal, wherein subsequent analysis of 

45 said statuses for a fault condition is facilitated. 

21. The controller device of claim 20, further comprising 
communication port means, cooperatively connected to said 
memory array means, for transmitting said generated signal 
in a manner suitable for receipt by a diagnostic tool in order 

50 to display the actual parameter status over time. 

22. The controller device of claim 21, wherei n said second 
signal is generated when a parameter changes condition, and 
said signal includes a timing character and a plurality of 
discrete bits, wherein the status of each bit corresponds to 

55 the status of an individual monitored parameta:. 

23. The controller device of daim 21, wherein said 
communication port means and said memory array means 
are fabricated in a single miCTO-controUer integrated circuit 
chip. 
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